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Denture lining materials are widely used for the 
base of a denture to reduce pain or to improve the 
fit between the denture and mucous membrane.1 
They act as a cushion and provide an even distri-
bution of functional load onto the stress-bearing 
mucosa.2 Application of a soft lining material to 
the dentures can also increase the patient’s mas-
ticatory performance, biting force and improve the 
chewing rhythm.3
Denture  lining  materials  can  be  classified 
as  provisional  or  permanent,  silicone  rubber  or 
acrylic resin, and can be either chemically or heat 
polymerized.4 A provisional liner is the one used 
intraorally for up to 30 days and a long-term liner 
is categorized as the one that maintains its soft-
ness and elasticity for more than 30 days.5 Fur-
thermore, in a study, a long term liner was clas-
sified to be the one used for 1 year or longer.6 
Silicone based lining materials are basically di-
methylsiloxane polymers and do not contain plas-
ticizer to produce softening effect.7 These lining 
materials  are  hydrophobic;  this  reduces  water 
sorption, but simultaneously inhibits good affin-
ity to the supporting tissues.8 Acrylic based lining 
materials are composed of the powder consisting 
of  a  higher  methacrylate  polymer  (usually  poly 
ethyl methacrylate) and a liquid of a higher meth-
acrylate monomer (e.g. ethyl, n-butyl), in addition 
a plasticizer, commonly a phythalate.9,10 When im-
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mersed in water, these materials undergo 2 pro-
cesses; leaching of plasticizers and other soluble 
materials into water and water imbibition by the 
polymer. Eventually, the physical and mechanical 
properties of the materials change with time in the 
patient’s mouth.9
An ideal processed denture liner should be re-
sistant to imbibing oral fluids or releasing com-
pounds into the saliva. High water sorption and 
solubility of lining material decrease mechanical 
properties such as hardness, transverse strength 
and  fatigue  limit.  Discoloration,  dimensional 
change and separation from a denture base can 
also appear because of the high values of sorption 
and solubility parameters.3,11 Thus, sorption, solu-
bility and discoloration properties are important to 
evaluate the longevity of a liner.6
Denture relining materials often show changes 
in mechanical properties with aging.12 Their lon-
gevity was evaluated by immersion in water, accel-
erated weather testing and thermocycling.13-16 The 
use of accelerated aging process has increased 
in  dental  researches  recently.17-20  This  process 
simulates  the  effects  of  long-term  exposure  to 
environmental conditions through an accelerated 
weathering process that involves ultraviolet light 
exposure,  temperature  and  humidity  changes.21 
Besides, previous studies have shown the effect of 
accelerated aging on the physical and mechanical 
properties of the liner materials.12,22
Color  stability  is  an  important  property  of  a 
denture liner to retain its color in specified en-
vironment, especially in long term use. Besides, 
color assessment and its reproduction is one of 
the most challenging aspects of dentistry.23 Visu-
al color matching is still the primary method for 
evaluating the color and may cause dissatisfying 
results.20,24 Photoelectric tristimulus colorimeters 
have the potential to remove some of the variables 
found when the visual method is used exclusively 
and  provide  accurate  and  repeatable  measure-
ments.25,26
Color changes in the oral environment need to 
be investigated further in order to predict which 
materials will provide the best clinical service in 
long term use. According to ANSI/ADA Specifica-
tion No. 12, the denture liner should pass the color 
stability  test,  which  requires  that  the  specimen 
show no more than a slight color change after an 
exposure of 24 hours.27
This requirement might be difficult to achieve 
because most of the liners show noticeable color 
changes when exposed to ultraviolet light.28 Hence, 
the purpose of this in vitro study was to compare 
the effect of accelerated aging on the color stabil-
ity of silicone and acrylic denture liners by using a 
colorimeter.
MAtErIALs And MEtHods
Two silicone and three acrylic based lining ma-
terials used in this study are listed in Table 1. Sixty 
disc-shaped samples, with uniform size of 10 mm 
diameter and 2 mm in thickness, were prepared 
for each lining material according to the manu-
facturers’  instructions.  All  of  the  samples  were 
stored  in  distilled  water  (DW)  at  37±1°C  for  24 
hours before color measurement. 
Six  samples  from  each  tested  liner  material 
served as control groups and these samples were 
immersed in DW at 37±1°C in a dark room for 900 
hours. The remaining 6 samples from each group 
were subjected to accelerated aging in Wheather-
Ometer instrument (QUV accelerated Weathering 
Tester, The Q-Panel Company 26200 First St., SN: 
92-7475-44, Cleveland, Ohio, USA.) and exposed 
to  continuous  ultraviolet  and  visible-light,  at  a 
temperature of 110°F and intermittent DW spray 
was used for a period of 18 minutes within each 
2-hours period. The manufacturer of the weath-
ering instrument estimates that 300 hours of ag-
ing intraorally is equivalent to 1 year of clinical 
service.17,29 The samples were kept for 900 hours 
either in weathering machine or immersed in DW 
(equal to 3 years of service).
Before and after either aging or immersion in 
DW,  color  measurements  of  the  samples  were 
evaluated  with  the  colorimeter  (Spectrometer, 
Gretag Machbeth, SN: KH 1435, Regensdolf, Swit-
zerland). Before each measurement session, the 
colorimeter was calibrated with its white refer-
ence  tile  according  the  manufacturer’s  instruc-
tions. The same examiner made three measure-
ments for each sample. 
The color change values of all samples were 
calculated by measuring the mean and standard 
deviation of ∆E* values with the use of CIELAB col-
or system.20,30 The critical remark of color change 
(∆E*) were quantified by The National Bureau of 
Standards (NBS) rates the way that a color change 
is evaluated by the human eye (Table 2). As such, 
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Table 1. Properties of the liner materials used in this study.
Material Code Type Composition
Usage 
Period
Batch No.
Curing 
Procedure
Manufacturer
Dura-Liner II
DL
Acrylic Based
Hard Liner 
Material
Cold curing
P: poly (ethyl 
methacrylate)
L: butylmethacrylate
Permanent
P: 081100
L: 0102300
12 minute 
at room 
temperature in 
teflon mould
Dental Mfg. Co Il-
linois, USA
Tokuso
Rebase
TR
Acrylic Based
Hard Liner 
Material
Cold curing
P: poly (ethyl  
methacrylate)
L: α-methacryloyl 
oxyethyl propionate
1,6-hexanediol 
dimethacrylate
Permanent 557561E
8  minute at 
room 
temperature in 
teflon mould
Tokuyama Corp. 
Tokyo, Japan
Ufi Gel
Hard
UH
Acrylic Based
Hard Liner 
Material
Cold curing
P: poly acrylate
L: HEDMA
Permanent 0240.01
7 min at room 
temperature in 
teflon mould
Voco, Cuxhaven, 
Germany
Molloplast B MP
Silicone Based
Soft Liner 
Material
Heat curing
Paste: 
gama-methacryloxy
 propyl trimethoxy silan, 
polydimethyl siloxane
Permanent 020525
15 minute at 
200 kg/cm2 
pressure in 
flask, placed 
in cold water 
and then  
heated slowly 
to 100°C for 2 
hours
Detax Ettlingen, 
Germany
Ufi Gel 
Permanent
UP
Silicone Based
Soft Liner
Material
Cold curing
B:modified 
polydimethylsiloxane
C: platinum 
catalyst
Permanent   300.185
12 minute 
at room 
temperature in 
teflon mould
Voco, Cuxhaven, 
Germany
 Color stability of denture liners
the color change values of all liner materials were 
multiplied by a factor of 0.92 to obtain the NBS val-
ues.22,31
A  Kruskal-Wallis,  nonparametric  one-way 
analysis of variance (ANOVA) followed by a multiple 
comparisons test were used to analyze the k-in-
dependent group of data from this investigation. In 
addition,  for  two-independent  samples  compari-
sons Mann-Whitney U tests were used. All analy-
ses  were  computed  with  the  SPSS  for  Windows 
11.00 (SPSS Inc., Chicago, IL., USA).
rEsuLts
The mean color measurements (L*, a*, and b*) 
of five liner materials recorded from the colorim-
eter are given in Table 3. The mean and standard 
deviation  of  color  change  (∆E*)  values  and  their 
corresponding NBS values after subjecting them 
to DW and aging are shown in Table 4. The discol-
oration occurred after aging was significant when 
compared to the control samples stored in DW (ex-
cept UH). 
The highest discoloration in all conditions was 
apparent with DL (∆E*Aging = 16.30) (Change to other 
color) and the least discoloration was found with 
UP (∆E*DW = 0.41) (extremely slight change) after 
immersion in DW. After aging treatment only DL 
showed color change to other color (Table 4). 
The liner materials were compared with ANOVA 
and then pairwise comparisons were done by using July 2007 - Vol.1
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Kruskal-Wallis nonparametric tests. The results 
of  ANOVA  and  pairwise  comparisons  indicated 
that there were significant differences among the 
materials after immersion in DW (except UP and 
DL; MP and TR) (for dw H=25.455; P<.001) and af-
ter aging (except UP and MP) (for aging H=25.974; 
P<.001) (Table 5). 
The effects of treatments dependent to each 
material were examined by using Mann-Whitney U 
tests (Tables 6 and 7). As seen in Table 6, the most 
discoloring  treatment  was  aging  (∆E*DL  =  16.30, 
P=.004) and the least discoloring treatment was 
DW (∆E*UP = 0.41, P=.004). Comparisons between 
these two treatments showed that there were dif-
ferences in samples of UP, DL, MP, and TR, but 
indifferences in samples of UH after immersion in 
DW and aging. 
Control  and  aging  groups  were  compared 
based  on  materials  by  using  two-independent-
samples Mann-Whitney U tests (Table 7). Compar-
isons between these two subgroups showed that 
there were not differences in samples of acrylic 
and  silicone based liner materials after immer-
sion in DW, but differences in them after aging.
dIscussIon
The color instability of the lining materials that 
may  affect  the  patient’s  acceptance,  have  often 
been reported in clinical studies and may lead to 
a clinical decision to replace the lining.32,33 Even 
though  the  properties  of  lining  materials  have 
been much improved, they still have disadvantag-
es including water sorption, solubility and obvious 
color changes.34 The best liner materials available 
today do not demonstrate an extended service life 
of more than a few years.6,22
The technology for dental color matching has 
changed over the past several decades. In the pre-
vious  studies,  colorimeter  measurements  have 
been compared with spectrophotometer readings 
and deemed as reliable and accurate as spectro-
photometer for color difference measurements.23,35 
The colorimeter used in this study is new, easy to 
use, portable, offers accurate measurements, the 
spectral range is 380-730 nm and for illumination 
it uses D65 gas filled tungsten. 
CIELAB color space is commonly used in per-
ceptual studies and dental color assessment be-
cause of its uniform coverage of the color space. 
In  this  system  there  are  three  coordinates:  L*, 
a*, b*. L* indicates lightness, which ranges from 
0 (black) to 100 (white). The quantities a* and b* 
are chromacity coordinates that indicate color di-
rections: positive a* corresponds to red direction, 
whereas negative a* indicates the green direction; 
positive and negative b* values correspond to yel-
low and blue directions, respectively.20,35,36 In the 
present study, a* values of the tested materials’ 
decreased (to green) either after aging or immer-
sion in DW (except MP after immersion in DW). L* 
Table 2. NBS rating.
NBS unit
Critical Remarks Of Color 
Differences
0.0  ~    0.5 Extremely slight change
0.5  ~    1.5 Slight change
1.5  ~    3.0 Perceivable change
3.0  ~    6.0 Marked change
6.0  ~  12.0 Extremely marked change
12.0 or more Change to other color
Table 3. Color of the liner materials before and after treatments.
Material
Before immersion
in DW
After immersion
in DW
Before aging After aging
L* a* b* L* a* b* L* a* b* L* a* b*
DL   Mean
        SD
47.35
0.81
15.99
0.30
8.00
0.26
47.39
0.99
15.69
0.62
7.93
0.27
52.31
1.57
16.28
0.30
7.93
0.27
58.69
8.02
7.99
3.80
16.50
4.69
TR   Mean
        SD
39.92
2.48
20.06
1.47
6.24
0.49
40.06
2.47
19.11
1.65
6.40
0.63
39.72
0.71
24.22
0.72
7.15
0.45
42.36
1.92
12.09
1.92
8.07
3.25
UH  Mean
        SD
56.50
1.03
9.37
0.33
12.25
0.70
53.78
2.42
9.36
0.62
18.47
2.18
48.00
0.91
12.43
0.83
17.66
0.39
42.25
0.60
12.16
0.42
24.05
1.75
MP  Mean
        SD
47.08
0.97
12.49
0.81
11.68
1.41
46.74
0.81
13.30
0.55
13.02
1.11
47.11
0.95
13.38
0.77
11.38
0.60
43.81
0.82
11.65
0.56
13.92
1.42
UP   Mean
        SD
42.78
0.17
17.15
0.29
2.94
0.18
42.99
0.27
17.00
0.16
3.16
0.16
44.75
0.90
16.21
0.57
2.89
0.85
43.30
1.09
15.83
0.35
5.75
1.16
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Table 4. Color changes of the liner materials.
Material Treatment Mean ∆E* SD NBS unit
DL Immersion in DW 
Aging
0.50
16.30
0.18
3.25
0.46
14.99
TR Immersion in DW 
Aging
1.19
13.01
0.70
1.37
1.10
11.96
UH Immersion in DW 
Aging
7.13
8.68
0.62
2.12
6.56
7.99
MP Immersion in DW 
Aging
1.75
4.78
1.07
1.05
1.61
4.39
UP Immersion in DW 
Aging
0.41
3.46
0.11
1.23
0.38
3.18
   ∆E*: Color Change Value   SD: Standard Deviation   NBS UNIT: National Bureau of Standards Unit
Table 5. Kruskal-Wallis non-parametric test results of the liner materials.
Immersion in DW Mean ∆E*
Mean rank
UP
0.41
5.33
DL
0.50
8.33
TR
1.19
17.00
MP
1.75
19.33
UH
7.13
27.50
                                                                    Kruskal-Wallis H=25.455                            P<.001 
Aging Mean ∆E*
Mean rank
UP
3.46
4.67
MP
4.78
8.50
UH
8.68
15.50
TR
13.01
22.17
DL
16.30
26.67
                                                                      Kruskal-Wallis H=25.974                            P<.001 
Lines connect values that were not significantly different at the P<.001 level.
values of all the tested materials’ (except UH and 
MP) increased (to white) after immersion in DW, 
while these values (except DL and TR) decreased 
(to black) after aging.  b* values of the materials’ 
(except DL after immersion in DW) increased (to 
yellow) both after immersion in DW and aging.
The National Bureau of Standards (NBS) es-
tablished  a  rating  system  to  describe  color  dif-
ferences by NBS units.20 ∆E* values of this in vi-
tro study were converted to NBS units to facilitate 
comparison  with  clinical  studies.  According  to 
the NBS units; DL showed change to other color 
(∆E*DL = 16.30), while UP and MP revealed marked 
change (∆E*UP = 3.46, ∆E*MP = 4.78) after aging. As 
a result, UP showed the highest color stability af-
ter immersion in DW and aging. This property may 
be of advantage to its long-term serviceability in 
severe oral cavity environment.
An accelerated aging process has been used in 
this study in order to simulate the oral environ-
ment. Even if the oral environment is more com-
plex, this aging treatment is still useful for the 
comparison  of  different  lining  materials  as  the 
closest  simulation  of  oral  environment.17  It  has 
been reported that water spray and visible ultra-
violet light have a direct effect on the properties of 
liners and cause them to swell.19 The changes that 
may occur in polymers as a result of this process 
are; scission of the polymer chains by UV light, 
oxygen cross-linking, leaching of plasticizers and 
absorption of water.37
Previous studies have shown the effectiveness 
of accelerated aging in evaluating the color stabil-
ity of soft denture liners.17,22 Similarly, in the cur-
rent study, significant color changes were seen in 
all of the tested materials after aging. 
The clinical color stability behavior or perfor-
mance  of  acrylic  and  silicone  based  lining  ma-
terials  would  be  different  due  to  their  different 
structures.38  Water  sorption  and  solubility  can 
dramatically affect stain resistance, dimensional 
stability,  physical  and  mechanical  properties.6 
When immersed in saliva during clinical use and 
may be soaked in water or cleansing agents when 
not  in  use;  plasticizers  and  other  soluble  may 
leach out over extended periods while water is ab-
sorbed until equilibrium is reached.16 At 1 week, 
water sorption value should not be more than 0.8 
mg/cm2 and the solubility should not be more than 
0.04 mg/cm2 for different liners.27 Water sorption 
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depends on the degree of hydrophobicity and po-
rosity of the liner.3 Acrylic resin liners have high 
water sorption and solubility. On the other hand, 
silicon liners considered to be stable in aqueous 
environments for variable lengths of time and the 
hydrophobicity of them reduces water sorption.8,39 
These liners might be expected to possess more 
stain  resistant  than  would  the  acrylic  materials 
tested. Kawano et al6 investigated the sorption and 
solubility of 12 soft denture liners and reported 
that MP had sorption values (0.23±0.01) less than 
0.8 mg/cm2 after 1 year and this met the 1 week 
sorption requirements of ADA specification 12. In 
the current study, MP had low color change value 
after immersion in DW (∆E* = 1.75) and after aging 
(∆E* = 4.78). This result might be attributed to the 
low sorption values of MP. Shotwell et al22 inves-
tigated the color stability of long term soft liners 
after  accelerated  aging  and  showed  the  appre-
ciable (marked change) NBS unit of MP (NBS unit, 
3.3).  Anil  et  al12  compared  the  color  stability  of 
five denture reline materials and found the lower 
NBS unit of MP (NBS unit, 1.94) than TR (NBS unit, 
3.8) and UP (NBS unit, 56.05). However, UP was 
the most color stable liner material in this study 
(NBS unit, 3.18) and TR showed extremely marked 
change (NBS unit, 11.96) after aging. The differ-
ences in color measurements of these two studies 
might be explained by the variations in the proper-
ties of the instruments used.  This effect should 
be kept in mind while comparing the results of the 
researches about the color stability.
In  the  present  study,  acrylic  and  silicone 
based liners exhibited significantly different color 
change values after aging. Silicone based liners 
(UP, MP) seemed to be more resistant to staining 
than acrylic based liners (UH, TR, DL). Further-
more, comparing acrylic based liners, UH showed 
marked change than the other acrylic based liners 
(TR, DL) after immersion in DW. This might lead us 
to associate this result with the chemical compo-
sition of UH, porosity formed by the air inclusions 
during mixing powder and liquid, surface rough-
ness and water absorption.
Color stability of these materials may vary de-
pending on their monomers’ chemical composi-
tion.34 Residual monomer is a well-known plasti-
cizer which remains in polymerized resin as free 
or unreacted monomer and it affects physical and 
mechanical properties of acrylics.40 According to 
the  previous  research  by  Urban  et  al,40,41  com-
parisons between the residual monomer in hard 
acrylic relining resins (DL, TR, UH, Kooliner) and 
heat-polymerized  denture  base  resin  (Lucitone 
Table 6. Mann-Whitney U test results of the liner materials.
Material
Immersion in DW Aging
Mann-Whitney U Significance Mean ∆E* Mean rank Mean ∆E* Mean rank
DL 0.50 3.50 16.30 9.50 0.000 P=.004
TR 1.19 3.50 13.01 9.50 0.000 P=.004
UH 7.13 4.50 8.68 8.50 6.000 P=.055
MP 1.75 3.67 4.78 9.33 1.000 P=.006
UP 0.41 3.50 3.46 9.50 0.000 P=.004
n=6, P< .01
Table 7. Mann-Whitney U test results of acrylic and silicone based denture liner materials.
Treatment
Acrylic based liner 
materials
Silicone based liner 
materials
Mann-Whitney U Significance
Immersion in DW
(Mean rank)
Aging
(Mean rank)
17.61
21.44
12.33
6.58
70.000
1.000
P=.108
P<.001
n=6
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550) in 55°C water bath resulted in an arrange-
ment  as  Kooliner  (1.52%)  >  DL  (0.85%)  >  UH 
(0.45%) > Lucitone 550 (0.24%) > TR (0.14%). In the 
present study, DL showed poor color stability af-
ter aging (∆E*=16.30). This result might be related 
to the amount of leaching residual monomer with 
color stability.
Several studies have been done about the color 
measurements by using colorimeters21,22 and usu-
ally these studies have been compared directly. 
The present results cannot be compared directly 
with previous studies because of the variations in 
the instruments used, sample sizes and condition-
ing of the samples. Although the system of color 
change is not known exactly, it could be guessed 
by investigating how aging changes the physical 
and mechanical properties of denture liners.17,19 
Test conditions used for in vitro studies do not 
subject the materials to the aqueous environment, 
microorganisms, abrasion, thermocycling, mate-
rial thickness and cyclic loading. The properties of 
liner materials in the clinical situations still differ 
from laboratory testing.42 There also seems to be a 
need for extra researches to understand the effect 
of aging on color change mechanism.
concLusIons
 Accelerated aging affected color stability of 
all the materials tested.
 The measurements showed that UP and MP 
are clinically reliable denture liner materials.
 From a clinical aspect, for long-term clinical 
serviceability, it seems reasonable to recommend 
the use of silicone based instead of acrylic based 
liner materials.
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